Background
==========

The American College of Sports Medicine and the American Heart Association recommend that all healthy adults 18 to 65 years of age engage in moderate-intensity aerobic (endurance) physical activity (MPA) or vigorous-intensity aerobic physical activity (VPA) in order to promote and maintain health \[[@B1]\]. Since several consensus statements also recommend engaging in moderate to vigorous intensity physical activity (MVPA) \[[@B2],[@B3]\], spending a longer time performing MVPA is widely accepted to be a goal for a healthy lifestyle.

Additionally, moderate-intensity aerobic activity, which is generally equivalent to a brisk walk that noticeably accelerates the heart rate, can count toward the 30 minute minimum when bouts of activity lasting 10 minutes or more are performed \[[@B1]\]. A previous investigation suggested that bouts of physical activity lasting ≥10 minutes might be a more time-efficient strategy to the decrease body mass index and waist circumference \[[@B4]\]. Furthermore, Catenacci et al., suggested that sustained volitional activity (i.e., ≥ 10 min in duration) might play an important role in the long-term maintenance of weight loss \[[@B5]\]. These findings clearly indicated that the accumulation of MVPA bouts lasting longer than 10-min would be a beneficial strategy to obtain health benefits.

Therefore, the accurate assessment of the frequency and duration of the MVPA bouts has been an important research issue. An accelerometer is one of the reliable assessments of MVPA bouts under free-living conditions, and there are several criteria for determining MVPA bouts lasting longer than 10-min \[[@B6]-[@B11]\]. Based on the principals of the accelerometer features, the epoch length and the treatment of the interruptions (breaks during exercise) have important roles in determining the frequency and durations of MVPA bouts. With regard to the epoch length, recent studies consistently showed that the frequency and duration of the MVPA were apparently higher under the longer epoch setting compared with that under the shorter epoch setting \[[@B6],[@B7]\].

However, with regard to the treatment of the interruptions, to the best of our knowledge, only two studies have quantitatively examined the effects of the treatment of the interruptions on the frequency and duration of MVPA bouts \[[@B8],[@B9]\]. Masse et al \[[@B9]\] suggested that the algorithm comparisons also showed that MVPA bouts did not differ significantly when all algorithms allowed a 1- or 2-min interruption anywhere in the bout; however, when no interruption was allowed, the number of minutes of MVPA bouts decreased significantly. In contrast, Miller et al. did not find the significant differences in bout duration (min) of PA at \>3METs lasting longer than 10-min among 3 different interruption criteria, whereas the number of bouts for ≥10-min and ≥3 METS was greater when a 1- or 2-min interruption was allowed. These studies consistently indicated that the treatment of the interruption affects the accelerometer, however, in regard to the "min of MVPA", the results have been conflicting. Since the min of MVPA is import index of MVPA as same as "intensity of MVPA" and/or "frequency of MVPA", the treatment of the interruption has been left as one of the important research issue.

Since there were unexpectedly wide variations in the MVPA bouts depending on how the interruptions were treated \[[@B5],[@B12]-[@B15]\], the impact of the treatment of interruptions on the estimation of the MVPA bouts should be clarified. Thus, the purpose of the present investigation was to clarify the impact of the treatment of interruptions on the durations and the frequency of the MVPA bouts recorded by an accelerometer.

Methods
=======

Subjects
--------

One hundred and forty adults, aged 32 to 72 years old, participated in the present investigation. Most of subjects are same as the previous publications \[[@B6]\], the details are not shown in the present paper. The characteristics of the participants are shown in Table [1](#T1){ref-type="table"}. After an explanation of the study requirements, each subject read and signed a consent form. The ethics committee of Fukuoka University approved all procedures used in the present investigation. All procedures related to the measurements were performed between March and April.

###### 

Characteristics of the participants

                        **All**       **Female**      **Male**
  ------------------ -------------- -------------- ---------------
  N                       140             45             95
  Age (years)            50 ± 7         50 ± 7         50 ± 8
  Height (cm)         164.0 ± 14.5   153.3 ± 20.5   169.1 ± 5.8\*
  Body weight (kg)    66.6 ± 12.4     54.7 ± 8.4    72.2 ± 9.8\*

Data are expressed as the means with the standard deviation (mean ± SD).

\*Significantly different between males and females (p \< 0.01).

Physical activity assessments
-----------------------------

The use of an accelerometer and the procedure for wearing an accelerometer are same as the previous publications \[[@B6]\], the present manuscript document it briefly. During the course of the present investigation, all participants wore a pedometer with a uni-axial accelerometer (Lifecorder Ex 4-sec version, Kenz, Nagoya, Japan; LC) under free-living conditions \[[@B16]-[@B18]\]. After reading the instructions regarding the general care of these activity monitors, the participants wore the LC for 10 days continuously, except while sleeping or bathing. The LC was placed on the left anterior mid-line of the thigh on the waist band of the participant's clothing. After the data collection period was completed, the participants returned the LC by mail to the investigators.

The analysis of the accelerometer data
--------------------------------------

The stored data could be uploaded to a personal computer for the analysis. To be included in the analysis, each participant had to have at least seven days when they sufficiently wore the device (\>10 hours) \[[@B19]\]. The intensity categories, determined every four seconds, were converted to METs values based on the equation developed by the previous investigation \[[@B16]\]. Thereafter, the METs values were averaged for every 60 seconds. The epoch length was set at 60 sec in the present investigation according to the previous investigations \[[@B8],[@B9]\]. According to the minutes by minutes METs values, the PA was divided into one of three intensity categories: light intensity PA (LPA, \< 3 METs), moderate intensity PA (MPA, 3 to 6 METs) or vigorous intensity PA (VPA, \> 6 METs), and the sum of the MPA and VPA was defined as moderate to vigorous intensity PA (MVPA, \> 3 METs). Thereafter, based on the time series data, we defined PA bouts as PA that was maintained at no less than 1.5 METs for 10 minutes or longer, and a MVPA bout was defined as PA that was maintained at no less than 3 METs for 10 minutes or longer. Furthermore, PA bouts including the interruptions were defined as PA that was maintained at no less than 1.5 METs for 10 minutes or longer, allowing for a one-minute or a two-minute break (one column or two columns under 1.5 METs), PA that was maintained at no less than 3 METs for 10 minutes or longer allowing for a one-minute or a two-minute break (one column or two columns under 3 METs) (Figure [1](#F1){ref-type="fig"}).

![**Typical data treatment for the physical activity bouts determination by different criteria.** The illustration shows the MET values determined by an accelerometer from 18:40 to 19:10 in one of the participants (Sub \#1). The boxes and lines above the illustrations indicating the physical activity bouts determined by the different criteria. The white box means physical activity \> 3 METs lasting \> 10-min without an interruption (10-min), the gray box means physical activity \> 3 METs lasting \> 10-min allowing a 1-min interruption (17-min), and the black box means physical activity \> 3 METs lasting \> 10-min allowing a 2-min interruption (22-min). The black lines sandwiched by the closed circle means physical activity lasting \> 10-min without an interruption (14-min and 11-min), the black line sandwiched by the arrows means physical activity lasting \> 10-min allowing a 1-min interruption (26-min), and the black line sandwiched by the squares means physical activity lasting \> 10-min allowing a 2-min interruption (30-min).](1756-0500-7-284-1){#F1}

All accelerometer outputs were averaged over seven days. Since the present investigation was focused on the accelerometer's algorithms, the inter-individual variability, such as the day-to-day variability or hourly variability, were not evaluated, according to the findings of previous validation studies \[[@B6],[@B18]\].

Statistics. The data were expressed as the means with standard deviations. The potential gender-related differences in the obtained data were analyzed by the unpaired *t*-test. A one-way ANOVA and Scheffe's test were used to compare the PA levels for the three different treatment of interruptions (none, one-minute, two minute). The correlations among MVPA bouts determined by three different criteria were analyzed by Pearson's R. Statistical significance was set at P \< 0.05. All statistical analyses were performed using the StatView software program (version 5.0.1, SAS Institute, Cary, NC, USA).

Results
=======

The height and body weight were significantly different between males and females (p \< 0.01, Table [1](#T1){ref-type="table"}). The time spent in sporadic PA is shown in Table [2](#T2){ref-type="table"}. None of the accelerometer outputs significantly differed between genders.

###### 

The time spent in sporadic light, moderate and vigorous intensity physical activity determined by an accelerometer using one-minute epoch length

                                                                  **All**     **Female**     **Male**
  ------------------------------------------------------------ ------------- ------------- -------------
  Light intensity physical activity (min/day)                    197 ± 63      233 ± 73      179 ± 49
  Moderate intensity physical activity (min/day)                  34 ± 20       29 ± 16       36 ± 21
  Vigorous intensity physical activity (min/day)                0.83 ± 2.47   1.07 ± 2.09   0.72 ± 2.63
  Moderate to vigorous intensity physical activity (min/day)      34 ± 21       30 ± 17       37 ± 22

Data are expressed as the means with the standard deviation (mean ± SD).

Table [3](#T3){ref-type="table"} shows the time and the frequency for the PA bouts as determined using the three different criteria. The frequency and duration of the continuous activity bouts lasting longer than 10-min were significantly lower and shorter compared with that in the non-continuous PA bouts allowing a one-minute or two-minute interruption (P \< 0.05). Additionally, the frequency and duration of the PA bouts significantly differed within the two non-continuous settings (p \< 0.05). Similarly, with regard to the MVPA bouts determinations, both the frequency and duration were significantly differ among the three criteria settings. Furthermore, the numbers of days where the subjects participated in one or more MVPA bouts and the numbers of days where the total time of MVPA bouts reached 30 minutes, were significantly lower in the continuous MVPA bouts compared with that in the non-continuous MVPA bouts allowing a one-minute or two-minute interruption (P \< 0.05).

###### 

Comparison of the physical activity lasting longer than 10 minutes allowing no breaks, a one-minute break or a two-minute break

                                                                              **Continuous activity bouts**   **Non-continuous activity bouts allowing a 1-min interruption**   **Non-continuous activity bouts allowing a 2-min interruption**
  ---------------------- --------------------------------------------------- ------------------------------- ----------------------------------------------------------------- -----------------------------------------------------------------
  PA lasting ≧10-min     Number of bouts (bouts/day)                                    4.11±1.65                                      6.58±2.72\*\*                                                    8.97±3.55\*\*,‡
                         Daily duration (min/day)                                      71.62±33.66                                   119.03±49.35\*\*                                                 169.75±65.87\*\*,‡
                         Number of days with at least one bout (days/week)              6.50±1.00                                       6.71±0.83\*                                                      6.79±0.78\*\*
                         Number of days accumulating ≧30 min (days/week)                5.36±1.65                                      6.39±1.07\*\*                                                     6.65±0.85\*\*
                                                                                                                                                                                                                
  MVPA lasting ≧10-min   Number of bouts (bouts/day)                                    0.60±0.68                                       0.82±0.83\*                                                     1.02±0.88\*\*,†
                         Daily duration (min/day)                                      11.43±15.23                                     16.38±19.57\*                                                   21.28±22.37\*\*,†
                         Number of days with at least one bout (days/week)              2.49±2.22                                        2.96±2.27                                                       3.47±2.17\*\*
                         Number of days accumulating ≧30 min (days/week)                1.01±1.64                                       1.49±1.95\*                                                      1.90±2.10\*\*

Data are expressed as the means with the standard deviation (mean±SD).

PA; Physical activity, MVPA; moderate to vigorous intensity physical activity. \*, \*\*Significantly different compared with the Continuous activity bouts (\*p\<0.05, \*\*p\<0.01). †, ‡Significantly different compared with the Non-continuous activity bouts allowing a 1-min interruption (†p\<0.05, ‡p\<0.01).

Figure [2](#F2){ref-type="fig"} shows the relationship between the continuous MVPA bouts and the non-continuous MVPA bouts including a one- or two-minute break (Figure [2](#F2){ref-type="fig"}). The frequency and duration of the continuous MVPA bouts was significantly associated with the non-continuous MVPA bouts including a one- or two-minute break (r = 0.887 -- 0.980, P \< 0.01).

![**The relationships between moderate to vigorous intensity physical activity lasting longer than ten minutes determined by the three criteria.** The dashed lines indicate the identity line (y = x).](1756-0500-7-284-2){#F2}

Discussion
==========

The present investigation examined the role of treatment of the interruptions in activity on the evaluation of PA bouts with regard to accelerometer-based PA assessment in middle- to older-aged individuals. The main finding of the present investigation is that the frequency and duration of the PA bouts were significantly lower and shorter when a one- or two-minute interruption was allowed, compared with that when no interruptions were allowed (Table [3](#T3){ref-type="table"}), whereas the frequency and duration of the continuous MVPA bouts was significantly associated with the non-continuous MVPA bouts including a one- or two-minute break. As a result, the number of days accumulating at least 30-min of MVPA bouts allowing a one- or two-minute interruption was significantly higher compared with the number of days accumulating at least 30-min of continuous MVPA bouts without an interruption. Although several studies examined the effects of the treatment of interruptions on the accelerometer's out puts \[[@B8],[@B9]\], the present investigation firstly showed that both of the daily frequency and the daily duration of MVPA bouts significantly differed according to the choice of the treatment of interruptions. Furthermore the frequency and duration of MVPA bouts gradually increased from when allowing no interruptions to when including 1-min or 2-min interruptions, additionally these significant difference were also found between that when allowing 1-min or 2-min interruptions and when allowing 2-min interruptions. These results indicate that, in the accelerometer's outputs analysis, the treatment of the interruptions affects the estimation of the MVPA bouts under free-living conditions in middle-aged to older adults. Both the frequency and the duration of the MVPA bouts would be significantly higher depending on the allowing duration of interruptions. Thus, caution should be exercised regarding the accelerometer's data setting when discussing the MVPA bouts reported in previous publications.

One of the original findings of the present investigation is that, with regard to the accelerometer-based MVPA assessment, allowing one- or two-minute interruptions results in a larger number of MVPA bouts compared with that when not allowing any interruptions under free-living conditions in middle aged to older adults. These findings are supported by the previous findings, where two studies demonstrated that allowing short interruptions increased the frequency of the MVPA bouts compared with that not allowing any interruptions \[[@B8],[@B9]\]. Miller et al. reported that the frequency of MVPA bouts was 0.5 ± 0.8 bouts/day for the continuous MVPA bouts, 0.6 ± 0.8 bouts/day for the non-continuous MVPA bouts allowing a one-minute interruption and 0.6 ± 0.9 bouts/day for the non-continuous MVPA bouts allowing a two-minute interruption \[[@B8]\]. Similarly, Masse al. reported that the frequency of MVPA bouts was 3.0 ± 6.8 bouts/day, 4.1 ± 7.8 bouts/day and 4.9 ± 7.9 bouts/day for the same measurements \[[@B9]\]. In the present investigation, the frequency of the MVPA bouts differed from 0.60 ± 0.68 to 1.02 ± 0.88 bouts/day. Based on the these findings, a range of 0.1 to 1.9 bouts/day of MVPA might be detected due to the treatment of the interruptions, and these differences resulting from the different criteria would be increased based on whether a one-minute or two-minute interruption was allowed. As a result, the duration of MVPA bouts allowing a two-minute break (21.28 ± 22.37 min/day) was almost double the duration of MVPA bouts without interruptions (11.43 ± 15.23 min/day). Furthermore, the duration of the MVPA bouts allowing a one-minute break differed significantly compared with the MVPA bouts allowing a two-minute break, the same as was noted in previous investigations \[[@B9]\]. These finding clearly indicate that the treatment of the interruption has a significant impact on the estimation of MVPA bouts under free-living conditions, and these differences may be also found between the MVPA bouts allowing a one-minute break and the MVPA bouts allowing a two-minute break.

Based on these findings, the large variability in the reported MVPA bouts has likely been due to the choice of the treatment of the interruptions. The duration of MVPA bouts allowing a one-minute break was 25.8 ± 23.4 min/day in normal weight subjects \[[@B5]\]. Furthermore, the duration of MVPA bouts allowing a two-minute break was 9 ± 13 \[[@B20]\], 9.1 ± 0.5 and 6.6 ± 0.5 min/day in males and females from the NHANES 2003-2006 study \[[@B21]\], 13 to 16 min/day in Swedish adults and 6 to 10 min/day in US adults \[[@B14]\]. In contrast, the duration of the continuous MVPA not including interruptions has been much shorter. Davis et al reported that the continuous MVPA bouts lasting longer than 10-min were 0.4 to 0.6 min/day in British, Italian and French volunteers, whereas the duration of the sporadic MVPA was 19.9 to 39.4 min/day \[[@B15]\].

There is no doubt that the treatment of the interruption has a significant impact on the estimation of MVPA bouts under free-living conditions, because these differences are dependent on the data treatment process. For example, if individuals repeated a five-minute walking bout following a one minute break, the MVPA bouts would be described as lasting zero minutes, 11 minutes and 17 minutes when the analysis allows no interruptions, a one-minute interruption and a two-minute interruption, respectively. Furthermore, the usual habitual physical activity mainly consists of intermittent activities \[[@B22]\]. In developed countries, purposeful walking may be frequently stopped by traffic signals and/or crowds, so the METs value will be below 3 METs. Thus, the magnitude of the impact of the interruption treatment on the MVPA bout estimation would be increased in the individuals accumulating MVPA bouts from habitual PA (walking to work, shopping, gardening, etc.) rather than for the individuals participating in purposeful continuous PA (jogging, running, sports activities, etc.).

It should be noted that the present investigation does not indicate that not allowing an interruption is the best procedure for the MVPA bouts estimation. Masse et al. \[[@B9]\] suggested that it appeared reasonable to allow a one- or two-minute interruption anytime during the bout, because extracting MVPA bouts has been used to determine whether the participant met the current physical activity recommendations. We agree that this may be more reasonable.

However, in addition to the treatment of interruptions, the choice of the epoch length is an important contributor to the MVPA bouts estimation \[[@B6]\]. Furthermore, not only waist acceleration signals but also physiological stress, such as the oxygen uptake and/or heart rate response, and direct observation should be considered to define the optimum procedure for the data treatment of the accelerometer outputs for the MVPA bouts estimations.

There are several limitations associated with the present investigation that should be considered when interpreting the results. First, the type (uni-axial) and position (waist) of the accelerometer used in the present investigation does not allow for the collection of upper body activity, and thus may underestimate the total PA. Second, the participants evaluated in the present investigation were primarily middle-aged, non-active males and females. Furthermore, the participants all lived in urban areas, and buses and trains were their primary means of transportation.

Conclusions
===========

In summary, the present investigation examined the role of the treatment of the interruptions in the evaluation of PA bouts with regard to accelerometer-based PA assessment in middle- to older-aged individuals. The main finding of the present investigation is that, in the accelerometer's output analysis, the treatment of the interruptions affects the estimation of the PA bouts under free-living conditions in middle-aged to older adults. Both the frequency and the duration of the MVPA bouts would be significantly higher when interruptions are allowed compared with that when not allowing any interruption. Thus, caution should be exercised regarding the treatment of the interruptions when discussing the MVPA bouts reported in previous publications. The optimal interruption treatment to estimate the MVPA bouts remains unclear, and will need to be assessed in future studies.
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